• Lauro Travassos in 1927 created genus Steinernema.
INTRODUCTION
Entomopathogenic nematodes (EPNs) are beneficial nematodes that have been successfully used in the biological control of agricultural pests, insect vectors and ectoparasite arthropods worldwide. In recent decades, EPNs have been isolated from soils in different ecosystems, from the Arctic to the Tropics. The variety of species and geographic strains have made them potent tools in pest control [1] . As a result, numerous studies are using these nematodes against a vast number of potential pests. More and more, this potential has been evidenced, and today these nematodes are considered an effective tool to be incorporated in integrated pest management (IPM) programs, representing an important part of the so-called biocontrol agents.
In Brazil, studies with EPNs are quite recent. However, they have been carried out aiming to solve not only important pest problems in the agriculture, but also to understand our biodiversity and matters related to it. Therefore, our objective was to review the studies in different areas carried out in Brazil with EPNs starting with their history, and then studies dealing with identification of strains, their biology, production and application.
History
The first study with EPNs in Brazil was conducted by Lauro Travassos in 1927. He was analyzing a species that had recently been described by Steiner, in 1925, Aplectana kraussei, and he concluded that it was in fact a new genus, thus naming it Steineria n. g. [2] . Later on, the name was changed to Steinernema by Wouts et al. [3] . Shortly after that, Travassos described Neoplectana menozzii [4] and around the world, other species were described and more taxonomic studies done. However, because of the lack of live and preserved material, researchers could never confirm if the species described by Travassos was valid or not. Indeed, Steinernema affinis (Bovien) and Steinernema feltiae (=Steinernema bibionis) (Filipjev) are very similar to Steinernema menozzii (former N. menozzii) specifically regarding the male spicles and the size of infective juveniles. Due to this uncertainty, S. menozzii is still considered a "species inquirendae" [5] .
Rhabditis hambletoni was originally isolated from the cotton root borer Eutinobothrus brasiliensis (Hambleton) (Coleoptera: Curculionidae) and was described by Pereira [6] in 1937. Looking carefully at his drawings, it can be claimed that this was most probably the first Heterorhabditis ever described, long before Poinar in 1976, when he described H. bacteriophora. Unfortunately, also due to a lack of material nowadays, it also is considered a "species inquirendae" [5] . After those findings, there was no other investigation into EPNs until 1985, when Steinernema glaseri (Steiner) Wouts, Mracek, Gerdin & Bedding, was found in the sugar cane pest, Migdolus fryanus (Westwood) (Coleoptera: Vesperidae) [7] . The first field test was performed by Arrigoni et al. [8] , when evaluating an imported formulation of Steinernema carpocapsae (Weiser) for the purpose of controlling M. fryanus in sugar cane. Six years later, Schmitt et al. [9] evaluated another imported formulation of the same species, against the banana root borer, Cosmopolites sordidus (Germar) (Coleoptera: Curculionidae).
However, studies really only took off in Brazil after few important meetings. In 2000 there was a Workshop on EPNs in Jaguariúna, SP, where Dr. P. Grewal was the main speaker. In 2001, there was the National Course in Pest Control with EPNs in Campos dos Goytacazes, RJ, given by Drs. P. Stock and I. Glazer. In 2003, there was the Latin American Symposium on Entomopathogenic Fungi and Nematodes in Campos dos Goytacazes, RJ, with the participation of researchers from Chile, Argentina, Colombia and Brazil, at which the EPN talks were given by Drs. R. Stuart and E. Lewis.
Since then, we have witnessed the formation of several research groups throughout the country, working on various issues involving insect pest control, including lab and field virulence tests, biodiversity, taxonomy, in vivo and in vitro production, formulation, and compatibility tests with pesticides. Not only have insect pests been studied in detail, but also ectoparasites of the order Diptera, such Stomoxys calcitrans (L.) (Diptera: Muscidae) and Aedes aegypti (L.) (Diptera: Culicidae), ticks, especially Rhipicephalus microplus (Canestrini) (Acari: Ixodidae) and mollusks intermediate host of nematodes of medical and veterinary importance. The list of studies are found in Tables 1 and 2 ; some are detailed in subtopics below.
Identification
Observing the distribution of the isolated species in the world, it is noticed that the majority are found in countries where the research in the area is advanced; so there is a direct correlation between the scarcity of researchers and investment in the area and a lower number of native species identified. Moreover, the number of native Brazilian strains isolated so far may not reflect the reality, due to the recognized diversity of fauna and flora existing in the different Brazilian ecosystems, including areas of native vegetation.
The use of native populations in biological control programs of insect-pests may be ideal due the greater adaptation of the species to the environment. Therefore, there has been an increase in the search for native species through sampling in different parts of Brazil, and we compare our native strains with those from other countries. [10] Sugarcane spitlebug
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[ Nguyen et al. [52] conducted a survey of EPNs in areas of native vegetation in the state of Mato Grosso do Sul and through soil samples obtained a new species named Steinernema brazilense.
In a survey performed in Lavras, Minas Gerais state, Andaló et al. [53] isolated two populations of the genus Heterorhabditis that were obtained from the soil through the insect-bait technique in areas cultivated with sorghum (Sorghum sp.) and garlic (Allium sativum). Morphological and molecular studies of these populations showed that the nematodes belong to the species H. amazonensis.
Barbosa-Negrisoli et al. [54] isolated EPNs in native areas in Rio Grande do Sul and obtained a wide diversity of species, including species not yet reported in the country, such as Steinernema rarum (De Doucet) Mamiya and Steinernema riobrave Cabanillas, Poinar & Raulston. S. rarum (36.8%) and H. bacteriophora (31.6%) were the most commonly found EPNs, followed by Steinernema sp. (10.4%) (unidentified species), H. amazonensis (5.2%), S. feltiae (5.2%), S. glaseri (5.2%), and S. riobrave (5.2%). The species were found mainly in sandy soils, in locations with average temperatures of 25 °C and altitude of 700 to 1,100 m.
Minas [55] isolated a strain from a guava orchard and identified it as H. indica LPP30. Dell'Acqua et al. [56] studied EPNs from São Paulo and Mato Grosso do Sul. The authors identified H. indica IBCB-n5 and H. amazonensis IBCB-n10, IBCB-n24, IBCB-n40, IBCB-n44 and IBCB-n46, S. riobrave IBCB-n49, S. glaseri IBCB-n1, Steinernema australe Edgington, Buddie, Tymo, Hunt, Nguyen, France, Merino & Moore IBCB-n5 and IBCB-n28, Steinernema puertoricense Román & Figueroa IBCB-n27 and IBCB-n38 and S. brazilense IBCB-n9. Among the identified species, S. australe and S. puertoricense were first reported in Brazil.
Rosa et al. [57] reported the occurrence of S. brazilense, Steinernema diaprepesi Nguyen & Duncan, S. glaseri, S. rarum, H. amazonensis and H. indica in agricultural areas and native vegetation in different Brazilian regions. Brida et al. [58] also isolated the species H. amazonensis and S. rarum in a survey on agricultural soils with annual, fruit and forest crops.
Despite the studies carried out in Brazil, only two new species have been described, H. amazonensis and S. brazilense. In addition to these species, seven species of the genus Steinernema: S. australe, S. diaprepesi, S. feltiae, S. glaseri, S. puertoricense, S. rarum and S. riobrave; and three species of the genus Heterorhabditis: H. bacteriophora, H. baujardi and H. indica were recorded (Table 3) . Table 3 . List of species and strains of entomopathogenic nematodes isolated from different places in Brazil.
Species and strains Reference
Heterorhabditis baujardi LPP7, LPP5, LPP8, LPP10 Dolinski et al. [51] Heterorhabditis indica LPP1, LPP2, LPP3, LPP4, LPP9 Dolinski et al. [51] Heterorhabditis bacteriophora RS33, RS56, RS 57, RS58, RS88, RS107 Barbosa-Negrisoli et al. [54] Heterorhabditis amazonensis RS72 Barbosa-Negrisoli et al. [54] H. amazonensis JPM4 Molina et al. [59] H. amazonensis n. sp. Moino et al. [50] H. amazonensis IBCB n10, IBCB n24, IBCB n40, IBCB n44, IBCB n46 Dell'Acqua et al. [56] H. indica IBCB n5 Dell'Acqua et al. [56] H. indica LPP30 Minas [55] H. baujardi LPP22 Matos [61] H. amazonensis FCA07 Brida et al. [58] S. rarum RS4, RS55, RS70, RS89, RS90, RS102, RS106 Barbosa-Negrisoli et al. [54] Steinernema feltiae RS76 Barbosa-Negrisoli et al. [54] Steinernema glaseri RS38 Barbosa-Negrisoli et al. [54] Steinernema riobrave RS59 Barbosa-Negrisoli et al. [54] Steinernema sp. RS69, RS92 Barbosa-Negrisoli et al. [54] Steinernema brazilense n. sp. Nguyen et al. [52] S. glaseri IBCB n1 Dell'Acqua et al. [56] S. brazilense IBCB n9 Dell'Acqua et al. [56] Steinernema puertoricense IBCB n48, IBCB n27, IBCB n36, IBCB n38 Dell'Acqua et al. [56] Steinernema australe IBCB n25, IBCB n28 Dell'Acqua et al. [56] S. riobrave IBCB n49 Dell'Acqua et al. [56] S. rarum FCA09, FCA10, FCA11, FCA12, FCA13, FCA14 Brida et al. [58] 
Biology
The behavioral aspects, life cycle and pathogenicity of EPNs may vary among genera, species and even strains of the same species. This variability must be detected in order for the nematodes to be used successfully in control programs.
Molina et al. [59] and Andaló et al. [53] studied the biological characteristics of H. amazonensis populations isolated from different locations in Brazil and detected great variability among those populations from the same species, such as in the life cycle and pathogenicity to insect-hosts.
Dolinski et al. [60] studied the biological characteristics of two native EPNs, H. baujardi LPP7 and H. indica LPP1, evaluating the number of IJs produced and the time to emergence from the cadavers when applied in the field. The authors verified that temperature significantly affected both variables and that H. indica LPP1 presented the highest production indexes. Studies on H. baujardi LPP22, an native nematode isolated from Alagoas state, were also carried on and it proved to be highly tolerant to high temperatures [61] .
Ecology
Although excellent insect-pest control agents, IJs' persistence and survival in the soil can be affected by abiotic (i. e. humidity, temperature, soil texture and pH) and biotic (i. e. pathogenic bacteria and nematophagous fungi (NFs)) factors [62] . Andaló et al. [63] assessed the susceptibility of H. amazonensis IJs to the NFs Arthrobotrys oligospora Fresenius, A. conoides Drechsler and Duddingtonia flagrans (Duddington) Cooke. After eight days of exposure, all juveniles underwent predation; however, their predatory efficacy varied, depending on the fungal species, exposure period and the media where they were grown.
Other lab studies involving nematophagous trapping fungi were carried out to understand interactions between the tropical native NFs, A. oligospora AM2, A. musiformis Drechsler AM4, Arthrobotrys sp. CO7, Arthrobotrys sp. CC7 and the EPNs, H. indica LPP30, a native nematode, and S. carpocapsae All, an exotic nematode, under laboratory conditions. The fungi A. musiformis AM4 and Arthrobotrys sp. CO7 were considered the most aggressive among the tested strains, because they trapped more IJs. Water agar medium provided the best conditions to test nematode-fungus interaction among the six media tested, since the fungi tested produced more trapping structures to apprehend IJs on it. Regarding susceptibility, H. indica LPP30 IJs were more susceptible than IJs of S. carpocapsae All to both A. musiformis AM4 and Arthrobotrys sp. CO7 in the first 24 h of contact. However, after 48 h, S. carpocapsae All presented the highest mean capture rate. The authors also observed that when the nematodes are in the sand and free to move, the fungus Arthrobotrys sp. CO7 repelled S. carpocapsae All IJs at 15 cm. This is probably because this species has more sensitivity to volatiles than H. indica LPP30 [64] . EPNs are known to change or influence the soil biota. Therefore, a study with the aim of identifying the community of NFs and nematodes associated with H. indica LPP30 under two different crop managements, conventional and organic conversion, was conducted in a guava orchard. The authors also evaluated the NFs and nematode community after eliminating the trees in the guava orchard. The NF Arthrobotrys sp. was equally isolated from samples in the conventional and in organic conversion subareas. The nematode community showed variability over the 17-month period of evaluation and, in general, the subarea under conventional management showed greater diversity. However, after the trees were removed, the plant-parasitic nematodes decreased considerably, H. indica LPP30 was no longer found and only the NFs remained, probably as saprophytes. The authors also pointed to a positive correlation between the Shannon diversity index and rainfall, in which the lowest index were found during the months with least precipitation [65] . Another question raised was what happens to the nematofauna and enemies after the augmentative application of H. indica LPP30. Target organisms (2 EPNs, 7 NFs and two phoretic bacteria, Paenibacillus spp) were assessed by real-time qPCR in a guava orchard at pre-application and post-application time. H. indica was only detected in post-application treatments. A. dactyloides, Paecilomyces lilacinus (Thom) Samson, and Catenaria sp. decreased after EPN application and the ectoparasitic bacteria, Paenibacillus sp. and P. nematophilus, were not detected in this study. There was an increase in the abundance of plant parasitic, predators+omnivores, bacterial feeder and fungal feeder nematodes. These results suggest the occurrence of a rapid reaction in the soil biota and the short duration of action of EPNs, indicating the need for periodic reviews to ensure the effectiveness of biological control [65] . Nematode dispersal is in an important factor in biocontrol efficacy, which can be influenced by soil texture. Del Valle et al. [66] evaluated the dispersion of H. baujardi LPP7 in a guava orchard, and found nematodes up to 90 cm from the release point, and at 10 cm deep in the soil. Dolinski et al. [67] evaluated the horizontal mobility of H. baujardi LPP7 in soil with different texture classes and found higher rates of mortality and infectivity at a distance of 30 cm for the classes of sand and sandy clay loam, with dead insects found at distances up to 60 and 90 cm, respectively. There was no mortality in clay loam at 60 and 90 cm, and for clay, there was no infection at any of the distances evaluated. Andaló et al. [68] evaluated the horizontal and vertical mobility of H. amazonensis RSC2 in search of the fall armyworm Spodoptera frugiperda (Smith) (Lepidoptera: Noctuidae), and observed insect mortality up to 60 cm horizontally and 20 cm vertically.
Because of their limited ability to travel long distances, EPNs can use strategies to move in order to reach other hosts. Mertz et al. [69] studied the phoretic dispersion of H. amazonensis by Calosoma granulatum Perty (Coleoptera: Carabidae) adults, and observed the transport of IJs to distances greater than 40 cm horizontally.
Production
The first work on the production of EPNs in Brazil focused on multiplication in vivo, using mainly G. mellonella larvae as the insect host. Other hosts were also used, such as Diatraea saccharalis (Fabricius) (Lepidoptera: Crambidae) and Tenebrio molitor L. (Coleoptera: Curculionidae) larvae [70, 71] . The in vivo production of EPNs was performed using G. mellonella larvae as the main host, because it may be used for the multiplication of the majority of species from the genera Steinernema and Heterorhabditis, generating higher yields (ranging from 100,000 to 350,000 IJs/larva) compared to other hosts [72] . However, the rearing of G. mellonella itself is considered costly, raising the costs of production and marketing. When searching for alternative hosts, Molina et al. [73] evaluated the multiplication of S. carpocapsae, S. glaseri, and Steinernema arenarium (Artyukhovsky) in the last larval instar of G. mellonella, T. molitor, S. frugiperda, and Bombyx mori (L.) (Lepidoptera: Bombycidae). The highest production was obtained in the first three days of IJs emergence. G. mellonella larvae generated the highest yield, with 302,124 and 149,213 IJs/larva for the nematodes S. carpocapsae and S. arenarium, respectively. In comparison, B. mori and S. frugiperda generated low yields of the tested nematodes. To optimize the production of H. baujardi LPP7 in G. mellonella larvae, Dias et al. [74] tested different concentrations of inoculum and different sizes of inoculated larvae, obtaining the highest yields at concentrations of 100 and 300 IJs/larva inoculated on the larger larvae (200 mg).
Initiatives toward developing an EPN-based commercial product have been gaining attention in recent years. The development of media for the in vitro cultivation of nematodes and mass production techniques has been developed. A medium based on beef liver soaked in sponge provided high production rates of the nematode Heterorhabditis sp., with a yield of up to 180,000 IJs/mL of medium [75] . More recently, Leite et al. [76] tested a rich liquid medium based on egg yolk, egg white, yeast extract, glucose and peanut oil, obtaining more than 100,000 IJs/mL of medium. The addition of 0.2% agar to the medium also increased the nematode production, at 280 rpm and 25 °C [77, 78] . Currently, some companies in Brazil are producing EPNs by the in vitro solid state process, to supply products for field tests and for commercial use. These companies have improved the solid state process with funding from the Brazilian Government.
Formulation
Various studies have attempted to elucidate the most favorable conditions and formulations for the storage and application of EPNs. Various factors, such as temperature and oxygen, directly affect the survival and infectivity of IJs stored in aqueous suspension. Isolates of H. amazonensis remained viable for up to 6 months at a temperature of 16 °C, with aeration, but did not survive when kept at 8 °C and 28 °C [79, 80] . Infective juvenile survival may be extended by the addition of certain products to IJ suspensions, such as glycerin, which help keep the S. carpocapsae IJs alive and infective for longer periods when compared to water [81] . In addition, some substrates may assist and favor the storage of nematodes, such as the sponge that preserves H. amazonensis JPM4 IJs at 16 °C, with 50% viability after 6 months of storage [82] . An agar-based medium was also tested for the transport and storage of IJs. Laboratory and field work evaluating the ability of nematodes to infect and kill G. mellonella larvae indicated that different agar concentrations http://dx.doi.org/10.4322/nematoda.01017 Entomopathogenic nematodes in Brazil Dolinski et al.
Nematoda, 2017;4:e102017 (2 and 4%) remained effective for 7-45 days, respectively, for the storage, transport, and formulation of H. baujardi LPP7 IJs, with no difference from water, and with the advantage of using a lower volume [83] . When the application of EPNs occurs in the form of insect cadavers, the use of a covering is recommended, because the insect cadaver is often subject to physical damage during manipulation and application. For instance, on the ground, insect cadavers are subject to the action of organisms such as ants, which may alter the effectiveness of the application. Del Valle et al. [84] determined the effects of different coatings of G. mellonella insect cadavers infected by H. baujardi LPP7, and evaluated the behavior of Ectatomma spp. ants (Hymenoptera: Formicidae) toward the cadavers. The best coverage treatments were talc and gelatin capsules, because they did not affect the emergence of IJs. However, when the formulated cadavers were placed close to the openings of ant nests, ants carried the insect cadavers with different coatings up to 20 cm away from the nest openings, with the exception of those formulated in gelatin capsules, which were not removed.
Application
Among the various factors that affect the efficacy of EPNs, one of the most important is the form of application in the field. These nematodes are commonly applied in aqueous suspensions with pressurized sprayers, mist blowers, electrostatic sprayers and irrigation systems [85] . In Brazil, this type of application has proved to be effective to control pests on different crops. In greenhouse experiments, the application of aqueous suspensions has been found to be effective against Conotrachelus psidii Marshall (Coleoptera: Curculionidae) (guava weevil) [13] , Mahanarva spectabilis (Distant) (Hemiptera: Cercopidae) (spittlebug) [86] , Diabrotica speciosa (Germar) (leaf beetle) [25] , Sphenophorus levis Vaurie (Coleoptera: Curculionidae) (sugarcane weevil) [16] and Dysmicoccus texensis (Tinsley) (Hemiptera, Pseudococcidae) [19] . With respect to field trials, good results have been obtained against M. fimbriolata (sugarcane root spittlebug) [11] , C. psidii [13] , Ceratitis capitata (Wiedemann) (Diptera: Tephritidae) (fruit fly), Anastrepha fraterculus (Wied.) (Diptera: Tephritidae) (South American fruit fly), and D. texensis [20] . The combination of aqueous solutions of EPNs with insecticides is another interesting approach, due to possible synergetic or additive effects [87] . In a field study against Leucothyreus sp. (Coleoptera: Scarabaeidae) and S. levis, important sugarcane pests, treatments were established with S. brasiliense, insecticides (fipronil or thiamethoxam) and mixtures of S. brasiliense + insecticides. The best result against Leucothyreus sp. was obtained with the mixture S. brasiliense + thiamethoxam, whose application resulted in control of 83%. For S. levis, no significant differences were observed between the treatments and control [28] . The use of irrigation systems is another way to apply EPNs in the field. However, in this approach the nematode species used must be resistant to the pressure and temperature conditions in the irrigation system. An experiment conducted with IJs of H. baujardi LPP7 revealed that this nematode can tolerate temperatures up to 35 °C for 2 hours and pressures as high as 340 psi for 30 minutes [88] . It was also demonstrated that the viability, infectivity and searching ability of H. baujardi LPP7 were not affected after passing through a microspray irrigation system, indicating the potential of this type of application on crops [89] . In a study with S. glaseri to evaluate the effect of pressurization of the spray suspension on the viability of IJs, it was found that pressure up to 1,379 MPa did not affect this nematode [90] . Moreira et al. [91] found that different spray nozzles, with pressure up to 620 Kpa, were compatible with S. feltiae and also that vegetable and mineral oil are adjuvants compatible with this nematode. Besides this, the authors observed that agitation in a motorized backpack sprayer for 30 minutes did not affect the viability and pathogenicity of S. feltiae. The mesh size of the filters in hydraulic spraying systems is also a factor that can affect the effectiveness of applying IJs [92] . Studies have also been conducted to assess the potential of these nematodes against leaf pests. In a field experiment with leaf application of different strains, with or without addition of adjuvants, Negrisoli et al. [93] observed that H. bacteriophora RS107 + adjuvant (sorbitol) was the most effective treatment against Bonagota salubricola (Meyrick) (Lepidoptera: Tortricidae), an important apple tree pest. Bellini & Dolinski [26] also reported the potential of leaf application of EPNs to control the sugarcane borer, Diatraea saccharalis (Fabricius) (Lepidoptera: Crambidae).
Regarding studies with EPNs to control the cattle tick, R. microplus, the first in vivo experiment, with application of an aqueous suspension containing H. baujardi LPP7 and S. glaseri CCA on infested cattle, did not present efficacy. Greater exposure to abiotic factors, body temperature and rate of CO 2 release by the livestock were among the factors the authors speculated could explain the negative results [94] . In this respect, a new study was carried out with application of H. baujardi LPP7 in a formulation containing 0.1% sodium carboxymethylcellulose, 1% glycerin and distilled water on infested cattle, obtaining efficacy of 33% [95] . EPNs have also been found to be effective against larvae (L3 and L4) of A. aegypti, which develop in aquatic environments. It was demonstrated that H. indica LPP35 has good efficacy against the larvae of this mosquito in water in plastic containers, but the efficacy was relatively low when the EPNs were applied in the tanks of bromeliads [43] . In the case of application in water held in plastic containers, the volume of water did not influence the efficacy of the treatment, but the base area of the container did have an influence, with declining efficacy as the base area increased [44] . The application of EPNs in the field, using sprayers or irrigation systems, requires suitable equipment and workers with specific training, factors that can limit the use of these nematodes by smallholders. Therefore, another application technique that has been attracting attention is the release of EPNs within infected insect cadavers. In this method, insects infected with nematodes are released in the field and serve as a source of IJs, which leave the insect cadaver and search for new hosts in the soil, thus controlling the target pest. To support this approach, we observed innumerous advantages in terms of EPN infectivity, dispersal, survival [96] . Del Valle et al. [97] demonstrated that H. baujardi LPP7 released from G. mellonella cadavers reduced the number of guava weevils in an in vivo test, and that this application method permits good persistence of the IJs in the field (six weeks). In another study, Del Valle et al. [66] found that IJs of H. baujardi LPP7 dispersed as far as 90 cm from the location of the insect cadaver application. The same researchers observed elsewhere that the release of EPNs from infected cadavers in the soil, from 6 to 10 days after infection, resulted in higher emergence of IJs of the same species [98] . The cadaver application method has also shown promising results to control the cattle tick, R. microplus [38] . In a laboratory experiment, the application of nematodes of the genera Heterorhabditis and Steinernema, using insect cadavers (G. mellonella and T. molitor), revealed that the nematodes of the first genus, applied in cadavers of G. mellonella, were most virulent, resulting in control efficacy of 99.9% [42] . In a study conducted under semi-natural conditions (Stapf.) (Poaceae), simulating field conditions, the application of insect cadavers in pots with Brachiaria decumbens containing ticks resulted in efficacy levels of 98% and 92% in the treatments with H. bacteriophora HP88 and H. baujardi LPP7, respectively. In evaluating persistence in the same study, with application of the cadavers 60 days before the ticks were placed in the pots, the authors found efficacy levels of 60% and 43% for H. bacteriophora HP88 and H. baujardi LPP7, respectively [38] . The application of nematodes in insect cadavers was also efficient against snails of the species Bradybaena similaris (Fémssac) (Stylommatophora: Bradybaenidae) in the laboratory [41] and against spittlebug nymphs (M. spectabilis) in a greenhouse experiment [86] . Alves et al. [20] conducted greenhouse and field tests to compare the efficiency of strains of Heterorhabditis, applied in aqueous suspension and insect cadavers, to control D. texensis adults. The authors reported that the best results, in the greenhouse and field, were obtained by applying an aqueous suspension containing H. amazonensis JPM3, with efficacy levels of 68% and 65%, respectively.
Successful use of entomopathogenic nematodes in Brazil
One example of successful use of EPNs to control a pest in Brazil is the set of studies conducted by a group from the Universidade Estadual do Norte Fluminense Darcy Ribeiro (UENF), located in Campos dos Goytacazes, RJ, coordinated by Dr. Claudia Dolinski. This group has investigated the potential of EPNs to manage C. psidii, commonly known as the guava weevil. Initially, laboratory studies were conducted to ascertain the most virulent strains [13] , followed by greenhouse tests and field trials with application of EPNs using the insect cadaver technique [97] . Based on these results, with confirmation of the efficiency of the EPNs, a partnership was established with a group of about 20 farmers organized in an association called GOIACAM (Association of Guava Producers of Cachoeiras de Macacu). These farmers paid to register the nematode H. baujardi LPP7, and applied the nematodes through the insect cadaver technique in their guava orchards. These measures resulted in efficiency of 40 to 70% against the target pest, reaching 80% when combined with the application of neem cake. Besides this, the measures resulted in a decrease of 40% in the average production cost [27] . Perhaps the main difficulty in spreading the use of EPNs is the shortage of companies that commercially produce these nematodes, which compromises their large-scale application in the field. For this reason, a group from the Instituto Biológico (IB), coordinated by the researcher Dr. Luis Garrigós Leite, in partnership with the company Bio Controle, also supported by collaboration from the USDA, has developed a product based on EPNs for control of the sugarcane borer, S. levis [99] .
The same group conducted studies involving the isolation and selection of species of interest, by means of virulence tests in the laboratory, greenhouse and field. As a result of these tests, S. brazilense was found to be the nematode with greatest potential for controlling S. levis [16, 24, 28, 100] . They also performed studies demonstrating the potential of EPNs to control Bradysia mabiusi (Lane) (Diptera: Sciaridae), an important pest of ornamental plants and other plants for cultivation in protected areas, with promising results [30] . Other studies developed by a group in the Embrapa Gado de Leite research unit, coordinated by the researchers Dr. John Furlong and Dr. Márcia Cristina de Azevedo Prata, has brought significant advances in the attempt to validate a method for biological control of the cattle tick R. microplus [38] . The set of experiments in the laboratory and semi-natural conditions indicated that, to date, H. bacteriophora HP88 is the most promising strain [42] . Furthermore, they demonstrated that application of the EPNs in the soil using the insect-cadaver technique, targeting the engorged female of R. microplus in the non-parasite phase, was more effective than applying suspensions containing EPNs on tick-infested cattle [38] . Another research group, from the Universidade Federal de Lavras (UFLA), coordinated by Alcides Moino Jr., has conducted important studies into the isolation, biology, in vivo production, storage and compatibility of EPNs with pesticides [50, 59, 79, 80, 101] . They also performed laboratory, greenhouse and field experiments indicating the potential of EPNs to control the mealybug D. texensis [19, 20] . In 2008, the company Interação Produtos Biológicos (Interaction Biological Products) was established at UFLA with the cooperation of Dr. Claudia Dolinski and financial support from the Fundação de Amparo a Pesquisa do Estado de Minas Gerais (FAPEMIG). The company's objective was to develop a process to obtain products based on EPNs on an industrial scale using an in vivo production method. Tests were performed to optimize the rearing process of the insect host G. mellonella to enable industrial scale production, as well as to establish the best method for the recovery, concentration and conservation of the nematodes produced, keeping their viability and virulence until incorporation in inert substances and other components of a commercial formulation. Despite some successful results, the company closed in 2014.
A search in the Scopus database carried out on April 7, 2017, using the search expression "Entomopathogenic Nematodes", revealed that Brazil is currently in seventh place in the world in number of publications, with 107 documents, behind the United States (914), United Kingdom (231), Germany (168), India (143), China (118) and Egypt (109). Brazil's high ranking is mainly due to the efforts of the research groups mentioned here.
CONCLUSION
Although examples of success are still incipient, Brazil has huge potential for these cases to multiply in the future. Perhaps the most favorable aspect is the country's global prominence place in the world in farming and stock-breeding, both for domestic supply and exports, thus presenting many possibilities of using EPNs against various crop and animal pests. Another important aspect is that Brazil is also one of the leading countries in the use of pesticides, for which there is growing concern due to fears over the excessive use of these products. That fact can encourage and boost further research to develop and implement pest control measures using EPNs. Finally, the country has a variety of biomes and wide biodiversity of species, with large potential for the discovery of new strains and species of EPNs suitable for the implementation of control measures in different ecosystems. Studies in the areas of production, formulation behavioral and commercialization are still lacking. Also, we need to advertise more the advantages of this wonderful biocontrol agent, the entomopathogenic nematode.
